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Attached to this paper as an Appendix I1s Section 6, "Damage Estimates,” of the study entitled
*Seismic Retrofitting Alternatives for San Francisco's Unreinforced Masonry Buddings. Estimates of
Construction Cost and Seismic Damage.* In order to compare retrofit alternatives. it was necessary to
estimate damage for each alternative as weli as casualties. Since a database of information about the
2,000 unreinforced masonry (URBM) buildings was available, damage was estimated by computer on an
indvidual building-by-building basis.  Often, this may not be possible or feasible. but the parameters
needed 10 esumated casualies would be the same In any case

Most of the parameters themselves are highly variable and cannot be predicted with certainty
for any individual building. Mowever, as more buildings are inciuded in an inventory the values selected
will become more representative. It has been estimated that, considenng the process to estimate
seismic damage, the coefficient of variance {(considering random variation, not systematic errors) for a
single building may be between .5 and 1.0, but with each 100 buiidings added to the inventory, this
coefficient will reduce by a factor of 10. So, if a relatively large number of bulldings are considered,
damage can be satisfactonly estimated, assuming the values selected for the parameters are accurate
to begin with.

In order to calculate estimates of casualties that consider as many effective charactensucs of
the situation as possible, the parameters listed in Table 1 are needed. The major headings can be

considered mimimum data and the sub-items are important refinements.
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Tabile 1: Parameters of Casualty Estimation

Buillding Defimtion
Structural System
Special Charactenistics
Street Exposure
Exposure
Occupancy within buliging
Occupancy exposed adjacent to building
Vanation by time of day
Shaking Intensity
Site location
Site soils conditions
The vanability of the parameters can easily be demonstrated wrth a few examples.
Table 2 estimates the annual nisk of fatality per square foot for several building types at several
Bay Area locations. These figures were calculated using ATC 13 damage relationship and fataiity rates.
The top figures are calculated using common occupancies and are therefore a pure measure of seismic
nsk at the site. The lower figures are adjusted for more occupancies. The large difference between
URM and nonductile concrete is surprising and possibly not justified considering the histonical data
shown in Table 3.
Expected variations in shaking intensities due to local soils conditions can be seen in Figure
4, taken from Idrniss (1990).
The importance of and vanation in exposures in and around butldings and for different times
of day can be seen in Tables 5, 6 and 7, which were obtained as part of URM studies. These figures

are imited to only URM building exposures, but are probably representative of the global vanations

in these parameters.
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TABLE 2

COMPARISON OF RELATIVE ANNUAL RISK OF FATALITY PER SQUARE FOOT
OF VARIOUS BUILDING TYPES IN VARIOUS CITIES

Building Occupancy San Qakland Oaktand Livermore San
Type Rate/1000 sf Francisco Downtown Near Fault Rafael
URM 1.0 7.0 16.0 24.0 5.0 30
Nonductile concrete 1.0 1.2 2.0 3.4 1.0 0.6
Tilt-up 1.0 0.9 1.5 2.0 0.8 0.4
URM 2.1 15.0 34.0 52.0 12.0

Nonductile concrete 2.3 2.8 54 8.0 2.5 14
Tilt-up 1.0 0.9 1.4 2.0 0.8 0.4

® Actual x 10°
® Damage, Fatality rates from ATC 13
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TABLE 3

FATALITIES FROM EARTHQUAKES IN WESTERN U.S.

EVENT FATALITIES

Location Year Total Estimated from URM Bearing Wall
Fort Tejon 1857 1 1
Hayward 1868 30 15
Owens Valley 1872 27 13

San Francisco 1906 700-800 (+) 200-500

Santa Barbara 1925 12-14 <10

Long Beach 1933 86-100 50-80
Imperial Valley 1940 8 4.8

Puget Sound 1949 8 4.8

Kern County 1952 14 5-10
Alaska 1964 125 <5

Puget Sound 1965 3 1-3

San Fernando 1971 58 1
Coalinga 1983 1 1

ldaho 1983 2 2
Whittier 1987 3 0

Loma Prieta 1989 62 8
Totals 1,202 492 (41%)
Since 1950 268 26 (10%)

Occupancy of one 100,000 sf nonductile
concrete frame office or residence 300
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TABLE 4
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TABLE 5

VARIATION OF POPULATION EXPOSED TO UMB HAZARDS
IN SAN FRANCISCO

3 am 3 pm 5:30 pm
In Building 63,000 127,000 84,000
On Street 214 7.500 18,000
TABLE 6

DAY TIME EXPOSURE - VARIQUS CITIES

San Francisco Ventura Santa Monica
Population 700,000 92,000 64,000
In Building 127.000 4,700 9,500
Relative 1:5 1:20 1:7
On Street 7.500 120 470
Relative 1:90 1:800 1:140
TABLE 7

ANNUAL RISK OF FATALITIES FROM URMs
- VARIOUS CITIES

San Francisco Ventura Santa Monica
Total Expected Fatalities Per Year 12.6 0.18 0.27
Population 700,000 92,000 64,000
Annual Risk per 100,000 population 1.8 0.2 0.42
Area of URM, SF 36,209,808 752,508 1.137.500
Annual Risk per 100,000 SF URM 0.033 0.024 0.024
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APPENDIX

Extracts from Section 6 of
"Seismic Retrofiting Alternatives for San Francisco's Unreinforced Masonry Buildings:
Esumates of Construction Cost and Seismic Damage”
{Rutherford & Chekene, 1990)
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6: DAMAGE ESTIMATES

6.1 OVERVIEW OF PROCEDURE

Damage has been csumatcd using a computenzed Scismic Risk Model (SRM) wat considen
shaking intensity at cach site and damage charactensucs of cach building.  Local shaking mtensity
15 estimated using calculated fault distances, standard auenuauon rclationships, and sitc soil
condiions. Pcak Ground Acceleranon (PGA) 1s imually calculated and then converied o projected
Modified Mercall: intensives (MMID PGA and MMI arc uscd concurreniy to idenufy shahing
intensitics for csumanon of damage. Scveral Inensity-Damage relauonships as wcell as additon
analysis of UMBs were previously prepared by Reitherman and arc shown i Figure 6.1 10 Hustrac
this concept  The raw PGA cquivalent of cach Modified Mercallt Iniensity 15 also shown on Figure
61 The cffecuve PGA normally used for code mapping and dynamic analysis 1s gencrably Llaken
as three quarters of these values  Descnpuons of the Modified Mercalh Intensity Scale are
common in the hiterature and wall not be repeated here. Given the locavon and charactenstics of
cach fault source, local shaking intensiics can be csumated not only for specific events, but also on
a probabilisuc basis for all cvents. Both the csumauon of intensiies for any cvent and ke
expected damage can have large vanauons.  For this study, both have been taken (o be average
values.

Building damageability 15 esumated considenng 11s prototypical characteristics and other specific
altributes contained in the database. Once the model 15 set up. damage can casily be csumated for
a specific cvent, or the expected accumulated damage over any penod of ume can be estimated by
combiring the probabiliics of occurrence of cach shaking mntensity with the smooth curve relating
intensity and damage. In this study, probabilisuic resuits have been reported on an annual expecied
loss basis  This is not to say that such losscs arc expected annually, but rather that losses would
approximately average the annual expected loss over an cxtended perniod of ume  Since a major
carthquake could occur at any lime and skcw short-term accumulaied losses. annual loss results can
be mislcading 1f interpreted literally.  However, when various alternauve actions are to be analyzed.
usc of probable annualized results 1s the most valid method of companson

A detatled description of SRM is contained in Appendix 4

For this project., relatonships were developed between burlding damage and casualtics as well as
butlding damage and loss of bullding usc  Casualucs were csumaled considenng both building
occupants and sidewalh pedestnans.  The population thus at rish vancs a great deal with ume ot
day  An algonthm for csumaung loss of bwilding use was also devcloped, bascd pnmanly on
cxpencnces in Loma Pneta carthquake, which considers structural cvaluauon delays, reaseonable
damage reparr rates, and cntical loss levels, where demolition s likely

As discussed 1n Scction 5. Synthesis of Professional Opinion_on Retrofits, there is litde hard data
on building performance and 1its relavonship to toss parameters  Many assumptions werc necessary
to gencratc the detaled damage. casualty, and downtimc data contained hercin.  Numcncal
cocfficients that were required were based upon available daia and engincering judgment
Surpnsingly. based upon scveral test runs, the overall model 1s not very sensitive (o adjustmenis of
most individual assumpuons.  Minor adjustments 1o some numencal coefficients werc made.
however, based on imual output covenng the most well studied and documented scenanos  the
recent Loma Pricta eanthquake and the Richicr Magnitude 8 3 on the San Andrcas
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The assumptions uscd n the Joss csumates are detaled in Secuons 6 2 through 635 Rosulls are
given in Section 66 A large volume of data has been gencrated, and, for cifivieney  and
completeness, 1s presented tn 32 wables directly as output from the computer cafculatons  Vanables
outpul Ja» percentages or numbens of people were rounded to tenths to reduce apparant round-oft
crrors that would result if rounded funher.  Vanmables output as dollars or squarc feet are larger
numbers and were rounded as whole numbers, for similar reasons  This rough output formuat results
n outputs of fractions of individuals and apparent seven-place accuracy of larger numbers It
should be rccognized that netther 1s reahstic but is merely a result of the chosen output format.

6.2 DAMAGE - INTENSITY RELATIONSHIPS

Relationships between damage (measured as a percentage of replaccment cosis) and  shaking
intensity have been developed for cach prototype under cach strengthening condiuon. The damage
estimated s considered to be average damage when measured over many buildings. Although a
damage figurc was calculated for cach building considenng s own attnbutes. it 1s not to be
considered the actual damage cxpected to that specific building but a weighung factor that will
affect the overall average. Actual individual damage to cach building will vary widely and s
dependent on detail beyond the available database and calculation methodolegy

Consideration of 15 prototypes under 4 strengthening condiuons implics 60 damage curves. It 1s
clear that no such fine tunipg of damage cstimates 1s rcasonable or possible  However, it 1s
possible to judgmentally rank damageability of prototypes, or at least to put them in groups of
approximate cqual damageability. This type of grouping of prototypes can be done for the
strengthened condition as well as unstrengthened.  Intuitively, the morce sirengthenung s done, the
less vanable will be the damage, as rctrofit requirements are intended to produce a constant nsk
level across buitldings.

Review of the prototypes and their charactensuic damage pattems indicaicd that five levels of
damageability were reasonable for the unstrengthened case, three for Retrofit Altemative 1, and two
cach for Retrofit Allematives 2 and 3.

Starting with the damage rclatuonships from ATC-13 (ATC, 1985) for URMs, values for exisung
unstrengthened  San Francisco buildings were csumated considening  protolypical  charactenstics
These damage relationships were consistently below ATC-13 for the following reasons:

’ An carly simplifying assumpuon of this study was that all non-conforming parapcts
were assumed lo be retrofiied.  Included in the parapet retrofit work were roofl
ues and anchonng of roof-inc falling hazards. Thus work will clearly reduce the
damage from “average’ URM levels. For onc-story buildings, this work would be
a significant part of a total rctrofit and would thercfore cause a relatively large
reduction 1n damage.

. The typical San Franaisco UMB s felt 1o be better than the UMB nommally
cnvisioned as average, not only duc to parapet retrofits, but also due 1o [fairly
consistent usc of government anchors, gencrally better quality mortar, and minor
local scismic improvements often incorporated in remodels

. ATC-13 relationships were developed to apply to all buildings under all conditions
No individual charactenstics were presenied for use in modifying the valucs of the
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Table 6.2-1: Damage as a Proportion of Replacement Value

for Various Conditions

PGA, g 005 0.11 022 0.45 07 0.9
MMI Vi Vi Vil IX X Xl Xil
Unstrengthened
U-1 001 005 014 0.27 0.39 0.52 065
u-2 0.01 0.06 0.18 0.32 0.43 0.58 0.7
U-3 001 0.07 0.22 0.37 0.5 0.67 0.8
u-4 0.01 008 Q26 0.42 0.55 0.7 08
U-5 0.01 0.1 028 0.47 0.6 0.73 08
Alt. 1 Strength
1-1 0.005 0.03 0.11 0.25 0.38 0.51 065
1-2 0.005 0.04 0.15 0.29 0.4 0.53 0.67
1-3 0.005 0.05 0.21 0.35 0.46 0.59 0.75
Alt. 2 Strength
2-1 0.005 0.02 0.1 0.18 0.28 044 0.6
2-2 0.005 0.03 0.12 023 0.34 0.47 0.6
Alt. 3 Strength
3-1 0.005 0.01 006 0.15 0.24 0.39 055
3-2 0.005 0.02 0.08 0.17 0.28 0.41 055
ATC-13
URM 0.047 0.107 0.291 0.491 0.701 0.823 0902
RFM 0.003 0.029 0.06 0.135 0.232 0.419 0.523
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damage curves.  In this study, basciine damage curves were selected. and then
individual building auributes were used as damage moditicrs fsee Secuon 6 3
Since these modifiers generally tend o increase the damage from the s alues oiv b
maseline curves, the bascline values were purposciully lowered below svhat they
would have been without the damage modifiers.

Loma Pricta damage as well as scveral other data points established by Reithermun
(Figure 6.1) indicate that traditional average damage curves may be high.

The five final damage rclationships for unstrengthened buildings are shown in Table 6.2-1 labeled
as U-1 thru U-5. ATC-13 values for UMBs are also shown in Table 6.2-1 as "URM-ATC- 13"
Specific values for Ul-US were cstablished considering the following:

The values and “shapes” of damage curves developed by others both for URMs
and other type buildings.

UMB damage types as described in Section 3.2 and the shaking intensities hikeiy
to produce cach one.

Characterisics of nonstructural clements, paricularly paritions. and at what
shaking intensities damage is likely.

"Damage” tn these relationships is average to represent many butldings and must
recognize wide variations in shaking characteristics and building resistance.

Next, damage rclationships were estimated for Retrofit Altemative 3 which was considered (o
produce the least damage. Retrofit Altemnative 3 was deduced to have the best performance for the
following rcasons:

Although tension tic design requirements are less stringent than Allematve 2. the
allowable loads arc also lower, which produces very similar tic requirements.

The cquivalent out-of-plane bending requirements arc stricter than Alternative 2.

The requirements generally produce a much stiffer building that will betier protect
the UMB walls from damage, panicularly at low to moderate shaking intensitics.

Smaller diaphragm deflcctions and no reliance on “nonstructural” walls will result
in lcss partition damage.

The requirements are similar 10 conventional design for new buildings and can be
well defined in regulations, creating less vanation in engincering interpretation and
construction ¢xccution.

Damage varalion bclween protolypes was considercd to be small and only (wo seis of damage
relationships were created, and are shown as 3-1 and 3-2 in Table 6.2-1. Damage cxpected from
this Altcrnative is assumcd 10 be considerably greater than that in recendy designed buildings. but
only slightly greater than that expected in "poor” shear wall type buildings designed in accordance
with codes previous to the 1976 Uniform Building Code (UBC). The ATC-13 damage rclationship
for rcinforced masonry buildings. which includes pre- and post-scismic code buildings, was sclected
as a lower bound. These damage values are shown in Table 6.2-1 as "RFM-ATC-13".
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Damage relauonsiups for Altermauve Toand 2 owere estmated 10 g simidar manner and - generall,
presumed 10 fall berween Unstrengthened and Altermative 3. Because a wider vanation in damage
patterns v eapected from  Altlcrnative | duc o it ncomplete miliganon of deficrencies. three
relanonships were utilized as shown as -1, 1-2, 1-3 mm Table 62-1 Two rclauonships with a
relauvely large vanauon at intensines IX and X were used for Altermauve 2, pnmanly o account

for expected cracking i cxicnor walls with openings, these are labeled 2-1 and 2-2 i Table 6.2-1

Once the various characteristic damage rclatonships were established. the appropriate relationship
was assigned to cach protolype for the unstrengthened case and each sturengtherung condition,
considenng the particular charactensucs of the protolype, crcaung a sct of four damage “curves”
These assignments are shown in Table 6 2-2, [ruual damage relationships were entered o SRM
and results calculated for several conditions, including Magnuude 83 San Andreas and Loma
Pncta-type events. The lotal damages so calculated were judged rcasonable; damage from Loma
Preta was estimated at about 5.1%, versus our wnutial survey results of 3 85% (sec Sccuon 7); total
damage for the 8.3 San Andrcas cvent including all site conditions and modificrs was estmated at
42%.

Table 6.2-2: Damage Relationship Key by Prototype and Condition

Damage Relationship Number for Each Condttion
ototype Unstrengthened |Alternative  |Alternative  [Alternative

#1 #2 #3
A U-1 1-1 2-1 3-1
B U-2 1-1 2-1 3-1
C U-3 1-2 2-2 3-1
D U-4 1-3 2-2 3-2
E U-4 1-1 2-1 3-1
F U-5 1-2 2-1 3-1
G U-2 1-2 2-1 3-1
H U-3 i-3 2-1 3-1
[ U-4 1-3 2-2 3-2
J U-4 1-3 2-2 3-2
K U-1 1-1 2-1 3-]
L -2 1-2 2-2 3-1
M -2 1-2 2-2 3-2
N U-3 1-2 2-2 3-2
0 U-5 -3 | 2-2 3-2
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The ~et of four damage relationships for cach prototvpe was then reviewed as individual groups tor
consistency and reasonableness  This chech resulied i adjustments 1n most data pomts Thew
adjustments were, in gencral, minor, with few exceeding changes of more than 10%.  Scvery
different sets of damage relauonships were used in SRM dunng these adjustments. and the resuiung
damages proved surpnsingly insensiive. [t was concluded that this apparcnt anscnsiivity o the
total cxact values of the damage relauonships was due to the averaging cffect of many prototypical
and shaking intensity conditons represented n cach calculanon, and to the medifiers to average
damage relationships that were used on a building-by-building basis to reflect Lhe specific
characierisics of San Francisco sites and UMBs (see Section 6.3).

Unforunately, considenng the inadequacy of available data, any damage csumation mcthodology
will be most heavily wnfluenced by judgmental parameters  In these calculauons, however, the usc
of scveral different damage points as appropnate for site specific shaking intensities, and the use of
damage modifiers to better represent actual condiuons, break down judgmental factors into specilic
subject arcas with fairly well established trends. The final results are a measurc of a complex
combination of these trends and should represent a reasonable esumate of the actual damage
cond:tions, particularly for comparison of altemanves or comparison of damage under different

SCenanos

6.3 SITE-SPECIFIC MODIFICATION TO DAMAGE-INTENSITY
RELATIONSHIPS

Part of the strength of the calculation methodology uscd n this study ts the abiity to consider
specific attributes of cach site and building and thereby werght average results (0 betier represent
the actual San Francisco conditions. Many auributes were considered for use, but little data exists
that can be used to rationalize quantitative effccts on damage. The modificauons used, and
descnbed below, are not believed to be qualitauvely controvers..l. The sizes of modifications used
are largely undocumented and judgmental.

63.1 SITE SOILS MODIFICATION TO SHAKING INTENSITY

The most obvious site-specific charactenstic to account for is sitc sois. The amphficauon of
shaking duc to soils conditions is weil documented and was again demonstrated in the Loma Pneta
Earthquake. The soils data available in the San Francisco UMB database was an ABAG Geologic
Classification of ninc catcgones (ABAG, 1987). Scismic nsk analysts work at Stanford Universiy
has suggested an increase in one step of MMI for soft soils and a decrease in onc intensity step of
MMI for firm soils. This modification was uscd as shown in Table 6.3-1:

TABLE 6.3-1: Soil Modifications to Shaking Intensity

ABAG (Classilication Change 1n MMI Intensity
8.9 +1
456,7 0
1.2.3 -1
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Potential added losses due to liquefaction were not considercd in this study.  Liquelaction potenual
is difficult and cxpensive 10 mitigate focully under an oxisung building, and no special requirements
are currently planned for inclusion in any of the UMB ordinance options  Since most UMB
strengthening mothods have himited effccuvencss against liquefaction damage, these would tend 1o
cancel out when comparing aliernatives.

632 MODIFICATIONS TO AVERAGE DAMAGE CONSIDERING BUILDING
ATTRIBUTES

Modifications were made in average prolotypical damage rcladonships considenng two attnibutes:
story height and adjacencies.

The database of damage from the Loma Pricta Eanhquake showed a clear pattern of increased
damage in buildings with larger story heights (sce Scction 7). In fact, other than soils, this was the
only pattern that emerged from initial analysis of that database. Therefore, for buildings with
average story heights cqual to or greater than 16 feet, damage was increased cquivalent o an
increase in MMI of .25 intensity steps. Presuming that increased damage was pnmanly duc to out-
of-plane failures, and that all three Retrofit Altlermnatives would mitigate this problem, this
modification was only done in caiculations for the unstrengthened condition.

Detailed adjacency information was collected as a pant of the supplementary data collection effort at
the stant of this study (sce Appendix 1). Using these data points, it is possible to determine
whether spaces adjacent o a given building arc open or occupied by a building, whether the
building is URM, and whether it is taller or shorter than the building under consideration.

Many instances of pounding-typc damage have been recorded in carthquakes, particularly when
adjacent buildings are shorter and create an abrupt change in stiffness. A corollary to this condition
is the case of a building restrained by cqual or taller buildings on both sides.  Although minor
pounding damage may occur, the damage from lateral responsc is gencrally smatler, due 1o
interaction with the necighboring buildings. Damage has also oficn been caused in a building from
falling dcbris from adjacent, taller buildings, normally UMBs.  Another common observation.
particularly in urban, compacted blocks, is incrcased damage to comer buildings, probably caused
both by their position in the block and also by a lack of symmetry in exterior walls created by the
two strectfront walls having many openings. These conditions were uscd o modify average
damage cquivalent to MMI intensity steps as shown in Table 6.3-2. Similar to the story height
modification. higher adjacent UMBs were assumcd 1o increase damage only in the unstrengthened
condition.

Table 6.3-2: Damage {Intensity) Modifications due to Adjacencies

Cordition Result Unstrengthened  Strengthened
One side higher - UMB Falling debris +.25 0
Two sides higher - UMB Falling dcbris +.5 0
Two sides lower - any building Abrupt change in stiffness +.25 +.25
Two sidcs cqual or higher - non UMB Restraint - .25 -.25
Two sides street - Two opposite Comer building +.25 +.25

sidcs - any building
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63.3 OTHER ATTRIBUTES

The database contained many other awnbutes that could affect damage, such as number of stons,
soft slory. plan configurauon, number of rcentrant comers, age, and diaphragm miuo  They were
not used as damage modifiers for a varicty of rcasons. Sofl story, for exampic, was not uscd
because the database entnes (see Appendix 1) were considered inconsisient and unrcliable  In non-
rectangular configurauons, the fact that all extenor walls 1n UMBs are resisung ciements and the
preponderance of flexible diaphragms may compensate for the trregulanties nommally considered to
increasc damage. Inconsisicnt. ansignificant or poorly documented cause and effect were also
considered when cxamining the uscfulness of these attributes for damage modification consistent
with the overall methodology of this study.

6.4 DAMAGE-CASUALTY RELATIONSHIPS

Casualty ratcs for carthquakes have generally been estimated for the enure populaton at nisk.
Analysis and usc of acwal data must bc on that basis because casualty data is not avalable per
buillding typc or on the basis of actual number of occupants per bulding. The most rccent
assessment of rates more closely related to individual buildings was presented 1in ATC-13 (ATC.
1985) and arc shown in Table 64-1. Rates had previously been proposed by individual building
types for a major carthquake by the California Seismic Safcty Commission for the purpose of
evaluating Califorma owned buildings (CSSC, 1979), and are shown in Table 6 4-2

Table 6.4-1: ATC-13 Fatality Rates for All Buildings
Except Light Stcel and Wood Frame
Central Damage Factor (%) : 0 5 5 20 45 80 100
Fatality Rate : 0 1/10° 1/10° /10 1/1¢° 11¢ 1/5

Table 6.4-2: Fatality Rates for Unspecified Large Earthquake
Suggested for UMBs by California Seismic Safety Commission

Condinon Unstrengthened Attainable by Strengtheming
Fatality Rate 4,000/10,000 15/10.000
[2/5]* {1 510

*For companson to ATC 13.

The rates wsed by Califormia are clcarly 10 be applied to the number of building occupants:
although not specifically so stated, the ATC rates also scem 10 be intended to be applied to the
number of building occupants.

Considenng that the pnmary falure mode of UMBs is thc outward collapse of walls or pans of
walls, the exposure for life safety hazard is probably not directly proportional to occupancy of the
building This s panticularly true in San Francisco, where there has been great concern cxpressed
over hazard 1o pedesinans in congested arcas such as downtown and Chinatown.
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The population at nsk was therefore considercd to be both the occupants in the buildings and the
pedesirians in arcas (sireets, alleys. or vards) direcdy ouside the buildings. The population inside
UMBs was calculated using square footage, building uses, und probable occupancy loads obtained
from DCP (most were identical ¢ ATC-13 occupancy cestumates).  The population outside UMBy
was calculated using lincal feet of exposure per building face (obtained (rom the supplementary
Sanbom sweep; sec Appendix 1) and population densities for various open area conditions joindy
estimated by Rutherford & Chekene and DCP. Occupancies are shown in Table 6.4-3.

The farality rates were sct as [{ollows:

1. Using gross fatalitiecs in the Bay Area that have been previously published
(Steinbrugge ct al, 1972 Swicinbrugge et al., 1981), the total number of fatalities
ascribed to unstrengthened UMBs in San Francisco were estimated to be between
1,000 and 1,500 for the 8.3 San Andrcas sccnario. This number also appears 10 be
of the right order of magnitude considering the cstimatcd 700-800 deaths in San
Francisco in 1906, and the deaths estimated for other California earthquakes that
have affected significant number of UMBs (Steinbrugge, 1982: ATC, 1985).

2. Using the calculaicd populations at risk in the buildings and on the street, and
assuming a 2.5 ratio of strect death to building deaths, the ATC-13 fatality rates in
the 545% damage states were proportioned to generate the 1,000-1,500 range of
deaths for the 8.3 San Andreas event in the 5-6 pm time period. The ATC farality
rates for 80% and 100% damage were not changed.

3. The rates were further refined by running a simulation of Loma Prieta and setung
deaths to greater than zero but less than 20 for the unstrengthened case.

4, It was also felt that the charactenistics of Reuofit Altemative 2 would produce more
damage than Retrofit Altemative 3 but without a proportional increasc in casualtics.
Since life threatcning damage cannot be differentiated from other damage in the
methodology of this study. fatality rates for Alicmatives 2 and 3 were adjusted 10
reflect that the damage in strengthencd buildings is likely to be of a different type
and less threatening than the damage in unstrengthened buildings, and that a given
percentage of damage in Alternative 2 may be less threatening than the same
percentage of damage in Alicmative 3. Since the strengthening work in Allcmative
1 would also change the naturc of failurc modcs, minor adjustments were also made
10 these rates, consistent with the adjustments described above.  Considering that
fatality rates arc nomally cstimated only 10 an order of magnitude of accuracy,
these adjustments are considcred minor and justified 1o better reflect probable
building performance.

Fatality ratcs used arc shown in Table 6.4-4. The large number of different rates shown in Table
6.4-4 should not be construed to impty a commensurate level of accuracy. After benchmarks and
trends were established, smooth transitions were uscd from one rate to another, resulling in the
variations shown. The rates themselves, and thercfore the absolute number of deaths estimated, are
thought 10 be accurale within a factor of 2 at thc high cnd (arge carthquake, large number of
deaths) and within a factor of 4 at the low end (small carthquake, small number of dcaths).
However, since similar rates arc applied to all Retrofit Alicrnatives, comparisons can be made
without application of such large error factors. Hospitalized injurics were taken as four times total
dcaths (Steinbrugge et al., 1972; ATC, 1985).
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Table 6.4-3: Occupancies for Calcutation of Exposure to Fatality Rates

1Building Qccupancies (Occupants per 100Q Square Feet) [Occupancy |
! Occupancy Day Occupancy for Times Used in Fatality & Injury Calculations |For Lost :
| 10pm- |7am- Sam- 12pm- {1:30pm-{Spm- |6pm- {Time Calcu- -
‘ 7am  |9am 12pm__ {1:30pm{Spm __ [6pm _[10pm Hations |
l Residennal Weekday 3.1 1.6 1.2 1.2 1.2 1.2 3.1 31
g Sundav 3.1 1.6 1.6 1.6 1.6] 16] 3.1 !
1 Office Weekday 0.3 ! 4 2 4 1] 03 44
! Sundav 03 03 0.3 03 0.3 03 03 1
| Commercial Weekdav 0.5 2 8 10 8 6 1 4
Sunday 0.5 0.1 2 4 6 6 1 |
Industmal Weekday | 0.25 1 25| 25 25 1] 025 25
Sunday 0.25 025 025} 025) 0.25] 025] 0.25 ]
Assembly Weekdayv 0.25 05 1 2 2 3 6 2
Sundav 0.25 2 10 10 10 4 2
[Street Occupancies (Occupants per 1000 Lineal Feet)
Steets in Study {Weekday 2 100 50 150 100 | 200 | 100
Areas 1,7 Sundav 2 10 50 100 100 | 100 10
Streets in Study  {Weekday 1 60 20 70 40 ] 120 40
Areas 4,5.8 Sundayv 1 10 30 30 30 30 10
Streets in Study  {Weekday 0.5 30 10 30 20 60 1
Areas 2,3,6,9-11 |Sunday 0.5 10 10 10 10 2 I
Other Open Weekday 0 2 1 1 ! S 0
Space Sundayv 0 1 1 1 1 2 0
Table 6.4-4: Fatality Rates for Street and Building Occupants
Stengthening Location Average Damaze
Alternative 0% 5% 20% 45% | 80% | 100%
No Building 01 0.000010 10.00035 [0.0035 | 0.035 0.2
Strengthening Steet 0 0.0002] 0.003] 007| 0©0.12] 0.15
Retrofit Building 0 | 0.000009 {0.00033 |10.0034 | 0.035] 0.2
Alternative 1 Street 01 0.000018 1 0.0028 | 0.065| 0O.121 0.15
Retrofit Building 0 | 0.000007 10.00023 |0.0028 | 0.35| 0.2
Alternative 2 Street 0] 0.000014 | 0.002 | 0.055 0.2] 0.15
Retrofit Building 0| 0.000008 | 0.0003 10.0032| 035] 0.2
Alternative 3 Street 0] 0.000016 | 0.0027 | 0.06 021 0.15
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6.5 LOSS OF USE OF BUILDINGS

63.1  GENERAL METHODOLOGY

Loss of use of buildings, or "downumc”, can form a significant poruon of total monctary losses
from damage in an canhquake. Stausucal daw on downume docs not exist in the lieraiure,
although isolated anccdotal informauon 1s available, parucularly related to the Loma Preta cvent.
ATC-13 (ATC, 1985) has loss of funcuon related to damage (as a percentage of replacement Cost)
for different occupancies based on expert opinions. The ATC-13 rclauonships do not consider size
of building nor s the concept of a cnucal loss level used  Criucal loss level s the loss which is
likely 1o tngger demolition or major reconstruction rather than immediate repair and reoccupancy.
A cnucal loss level of 65% of replacement cost was rceently suggested for mud-nsc buildings

(EERI, 1989).

Cnucal loss level was constdered imponant in this study because 1t would yicld a measure of loss
of URM building stock. Loss of butlding use would thercfore be split into that poruion representing
a long-term loss, and that portion presumed 10 be repaired as soon as possible  Buildings that are
repatrable could be temporanly closed duc lo emergency engincenng cvaluauons, and may be
partially or totally unusable while under repair. Since dollar losses per building will be available in
this study, repair times can be esumated using raics based in reasonable daily expenditures by

contractors.

The gencral damage and casually esumates, previously discussed. have been based on averages over
many buildings. Therc is insufficient informauon available on each bwuiding and insufficient
historical data w0 consider calculauons on individual buildings realistic.  However, the logic
proposed for usc in esumating number of building demolivons and lost time is bascd upon prebable
outcomes under realistic individual building damages. nol averages. For cxample, 1f the critcal loss
level 1s set at 50% of replacement cost. cach building suffenng over 50% damage is likely to be
demolished, regardless of what the average damage is. For downtime calculations, therefore, the

following procedure was used:

I For each building, using the average damage calculated as previously explained, the
likclihood of all damage statcs was calculated. using probability distributions
suggested 1n ATC-13.

%)

The probability that the individual building would be damaged over the cnucal loss
level was multiplicd umes the building square footage and that arca accumulated
over all buildings as long tcrm lost arca The number of occupants associated with
this squarc footage was also accumulated using the appropnaic occupant load
(occupants living or working 1n the building. See Table 6.4-3)

3. The downuime associated with cach damage state below the critical loss level was
calculdted and muliiplicd by us probability of occurrence to oblain a weighted
downtime, in days lost, that would appropriately consider the building’s likely dollar
damages. The calculation of weighung factors bascd on the probability distnbution
of damage is discussed in more detaill in Appendix 4.

4 The total occupants hiving or cmployed 1n the building as shown in Table 6.4-3. is
muluplicd by the days lost 10 obtain "occupant-days” lost.
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6.5.2 LONG-TERM LOSS

Long-term loss of building use was assumed o occur in scrously damaged buildings duc to
outright demelition or © long delays (4-6 monthsy in he decision-making process which couid
result in either demolition or massive reconstruction.  The effect 10 occupants is presumed (0 Be the
same for either demolition or long delay.

Critical loss levels were set at 40% rcplacement costs for unstrengthened buildings and 30%
replacement cost for strengthened buildings. These figures represent repair costs in the $25-35 per
square foot range. Forty to 50 percent damage is a lower cut-off than has been suggested for
other buildings, but UMBs as a class arc more likely (o have other liabilities, such as inadequate
firc protection, handicap access, and building service systems, which could affect an owner's
decision to repair or demolish.  The projected long-term loss for the simulation of Loma Pnctz
(254,138 sq. fi.), even using a 40% actual loss factor, may prove 10 be low when all long-term
losses are accounted for. Such building loss data is, unfortunately, not readily available.

The higher cut-off of 50% was used for stengthencd buildings on the assumption that owncrs who
have spent mongy on seismic strengthening (and probably other improvements) arc morc likely 1o
attempt to salvage their buildings.

The total long-term loss estimate is quite sensilive to the critical loss level chosen. For the
Magnitude 8.3 San Andreas event, the loss was estimated at 12,000,000 sq. ft. using a 50% cntical
loss level and 18,000,000 sq. ft. using 40%. Arca not included in long term loss will, of course,
be accounted for in the occupant-days lost category, as damage to that area was assumed 10 be
immediately repairable. The most representative view of the effect of damage on occupants is a
combination of “occupant-days lost” and "occupanis affccted by long term loss”. To obuin such a
combined parameter, “occupants affecied by long-term loss” must first be converied W e
cquivalent of “occupani days lost” by multiplying it by a time period to represent the elfect of
long-term closure or demolition; 200 to 350 days is suggesicd. This product can then be added to
"occupant days lost" and the sum used o compare various sccnanos. It should be recognized.
however, that embedded in the calculation of both "occupant days lost” and "occupanis affected by
long-term loss” arc lengthy losscs of building use which would undoubtedly result in usc of
alternate facilities. The time period that separates building closures that direcdy relate 10 business
or personal loss and closures that will result in rclocation is probably highly varable. The
parameters discussed thercfore should be considered to be a measure of the time the affected
occupants would be forced out of their original building and not dircctly related to business lost or
the need for temporary shelter.

6.5.3 LOSSES DUE TO REPAIRS

Buildings that arc damaged below the critical loss level are assumed 10 be repaired as soon as
possible. [Labor and material necessary for repair are assumed 10 be available without unduc delays.
Such shortages did not materalize after Loma Pricta but cenainly may in larger events.

Moderate repair rates were used for all conditions in this study as shown in Table 6.5-1. Repair

times arc calculated by dividing the dollar loss (replaccment value times pereent loss) by the
appropriate repair rate.
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Table 6.5-1: Dumage Repuwr Rates

Total Repair Cost Repair Raie
<3$50,000 34,000 per day

$50,000 - 200,000 £8.000 per day
>$200,000 $16,000 per day

The total lost ume is composed of an muual evaluation perniod, the length of which 1s dependent on
the damage state, and rcpair penod. Repair peniods used for lost ume arc cither 33¢ or 66% of
repair imes to account for partial or early occupancy widun the repare nme.

The algonthm used for each damage state is shown n Table 6 5-2.

Table 6.5-2: Total Days Lost in Buildings to be Repaired

Damape Rauo Lost Days

Evaluation Period Repair Penod
0-10% 0 0
10-15% 5 0
15-25% 5 33% Repair Time
25-40% (unstrengthened) 20 67% Repair Time
25-50% (strengthened) 20 67% Repar Time
>40% or 50% -- Long Term

As discussed in 6.5.1, the above algonthms are used for cach damage state of cach buwiding. with
the lost days thus calculated being weighted by probability of occurrence of that damage state.
Finally, the days lost in cach building is weighted to consider the number of occupants affected by
multipiying the joss times the cffective occupancy from Table 6.4-3 to obtain "occupant days lost™.

6.6 LOSS ESTIMATE TABLES

Two loss tables arc presented for each sclected carthquake scenmano and for cach strengtherung
altcmauve.  The carthquake scenario includes specificauon of fault source, magmtude and ume of
day. The first table 1n cach sct accumulates all damage parameters by prototype and the sccond by
UMB Situdy Arca. The three canthquake scenarios selected by DCP are: 1) Annual Expecied
Losscs (probablc losscs from all carthquakes rcported on an annual basis); 2) Magnitude 7 on
Hayward Fault at 3 am, 3) Magnitude 7 on Hayward Fault at 3 PM, A fourth scenano has been
included to represent the probable worst case:  a Magnitude 8.3 on the San Andreas Fault at 5:30
pm. Also included 1s an cquivalent scenario to the Loma Pricta earthquake of October 17, 1989
this scenario was calculated for the unstrengthened casc only. Expected values have been cstimated
for each paramcter and arc printed in the tables as single numbers rather than ranges, for
conventence and clarity. Estimated accuracies vary by parameter and are discussed i the body of
the text.

148



Rutherford & Chekene

SECTION 6 Damage Esumuales

The following loss paramcters wre acluded:

Property Loss (96)

Property Loss (8):

Casualties Building (#):

Casualties Street (#).

Hospital Injuries (#)

Cccupant Days Lost (Occ.-days).

Long Term Loss-Arca:

Long Term Leoss-Occ Affccred:

Buwlding damage as a pereentage of replacement cosg

Percentage damage umes arca umes replacement ¢ost per square
foot.

Number of deaths expected (0 occur inside UMBs.

Number of deaths expected to occur on the street caused by
damage to UMBs.

Number of injunes requinng hospitahzauon. Takcn as 4 umes
the total deaths.

An accumulation of the number of days of functional loss
muluplied by the associated occupancy. The category only
considers days lost in buildings that are assumed to be repaired.
To assess (otal disruption to occupants, it 15 necessary o
consider both "QOccupant Days Lost” and "Long Term Loss -
Occupants Affected”  Sec Section 6.5. Calculations consider
cach building using a probabilistic technique that scparates the
square footage into various categories. The totals therefore do
not represent closurcs of a subset of actual buildings.

The square footage that 1s expected to receive greater than 50%
damage (40% for unstrengthened buildings) and may thercfore
be demolished or at least will not be immedately repared.
Calculations consider each building using a probabilistic
technique that scparates the square footage o varous
categorics. The otals therefore do not represent the loss of a
subset of actual buildings. An estimate of thc number of
buildings that might be affected by long-term loss can be
obtained by dividing this arca by a representauve building size.

The number of occupants affected by Long Term Loss-Arca.
Calcutated as the Long Term Loss-Arca muluplied tmes the
appropnaic occcupant load. To asscss total disruption 1o
occupants, it is nccessary to consider both "Long Term Loss -
Occupant Affccied” and "Occupant-Days Lost”.  Sce Secuion
6.5.
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Pratatype Praoperty Property Fatalities Ffatalveies  Kosprtal Jecupant long-Terw Lass | » 495
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These data should not be reproduced or used in any way without consideration of the limitations
in accuracy as discussed in Sections 6.1 thru 6.5 of this report.
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